Several paramagnetic chemical exchange saturation transfer magnetic resonance imaging (PARACEST MRI) agents for the potential detection of nitric oxide synthase (NOS) have been synthesized and evaluated. These agents are based on an amino acid or dipeptide decorated DOTAM (1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid amide) chelator possessing either Tm 3+ or Dy 3+ . The amino acid and dipeptide decorated DOTAMs were designed such that the terminal amino acid pendant group was L-arginine which may be converted to L-citrulline by NOS. Preliminary evaluation has revealed that some of the L-arginine-decorated complexes are recognized and metabolized by the NOS. Differences in the CEST properties between Dy 3+ -metallated L-arginine-and L-citrulline-modified complexes suggest that these might be suitable for imaging of the NOS enzymatic activity.
Balaban and coworkers for diamagnetic molecules. 3 When a paramagnetic metal chelate is used, they are termed paramagnetic CEST (PARACEST) MRI agents. 16 These agents generally rely on a CEST effect generated by exchange of a metal bound water, for example Eu 3+ DOTAM-Gly-Phe-OH (1, Figure 1 ), or exchange of the amide proton proximal to the cyclen ring, for example Tm 3+ DOTAM-Gly-Lys-OH (2, Figure 1 ).
The synthetic methodolgy leading to CAs 1 and 2 was found to be robust, versatile and scalable 13 and we were therefore interested in expanding its scope. Notably absent in the initially reported method were arginine-decorated DOTAMs. Thus, the method was extended 17 because we were interested to investigate if arginine-decorated DOTAMs might possess similar or improved
properties as compared to Tm 3+ DOTAM-Gly-Lys-OH (2). We have focussed on lanthanide complexes of metals that are able to induce large hyperfine shifts of the proximal amide protons, namely Dy 3+ and Tm 3+ in this work, in order to generate a CEST signal well separated from the bulk water signal. With some arginine-decorated DOTAM chelators in hand, we choose to investigate the possibility of using them to detect nitric oxide synthase activity. Our previous studies, 13, 14 and those of others, 19 indicated that the identity of the amino acid pendant arms influenced the observed CEST signals presumably by modulation of the exchange rates and subtle effects on the ligand conformation. Thus, it was hypothesized that conversion of the charged amino acid arginine to the uncharged citrulline would affect the CEST signals produced by the lanthanide(III) complexes.
in a second step, further oxidized to L-citrulline (L-Cit-OH)along with the simultaneous production of NO (Scheme 1).
22
Scheme 1 Metabolism of L-arginine to L-citrulline accompanied by release of nitric oxide.
Several agents for the detection of NO have been developed over the course of last two decades. These involve probes which can be tracked by means of optical (fluorescence) imaging or other spectroscopic techniques such as surface-enhanced Raman scattering (SERS). 23, 24, 25, 26 The detection of NOS enzymatic activity by radiolabeled imaging agents ( 11 C, 99m Tc) compatible with positron emission tomography (PET) 27 or single photon emission computer tomography (SPECT) 28 has also been reported (5, Scheme 2 It is recognized that NOS is a promiscuos enzyme with a wide substrate scope. 22 As shown by recent work from Correia and colleagues, Re(III) complexes of the general structure 5 (Scheme 2) were found to be recognized by NOS and served as competitive inhibitors of its enzymatic activity. Moreover, these complexes were found to cross cellular membranes and their 
Results and discussion

Chemistry
The synthesis of CAs 7 and 8a,b was accomplished by the "cyclen tetraalkylation" approach that has been previously employed for the preparation of L-Arg-decorated CAs 3 and 4. Only the L-arginine-modified CA 4a, featuring a Gly linker was found to be metabolized by eNOS with a rate of metabolism that was similar to the natural substrate L-arginine (Scheme 1).
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The L-arginine-modified CA 3, lacking the Gly linker was, on the other hand, not metabolized by eNOS. We hypothesize that the linker in 3 between the core of the chelator and the pendant arginine residue is too short to permit proper interaction with enzyme. Our observation is D r a f t consistent with the results described by Correia and coworkers, wherein the complexes of general structure 5 (Scheme 2) possessing longer side chain linkers (5, Scheme 2, n = 4) exhibited increased competitive inhibitory activity toward NOS when compared to the inhibitory activity of those possessing a shorter linker (5, Scheme 2, n = 1). 28 As expected, the L-citrullinemodified CAs 7 and 8a did result in the production of NO in the presence of eNOS.
Overall our results indicate that among the series of CAs herein studied, Dy 3+ DOTAM-Gly- , matrix: 32 × 32, TR = 4000 ms, 4 echoes, and effective TE = 10 ms) was used, preceded by a frequency selective saturation pulse (B 1 = 14 µT, saturation range = -100 to 100 ppm in steps of 1 ppm, saturation time = 3.95 s). CEST spectra were generated using the total signal intensity from each tube. The pH was then adjusted to ca. 5-6 (1 M HCl) and the mixtures were stirred for 24 h at RT, followed by SEC as described in General experimental procedures. Fractions containing the products were concentrated to leave the desired complexes as colorless solids. 
